Background. Three commonly used sutures were tested in a pig model of bile duct anastomosis to assess their relative contributions to inflammation and scarring. Methods. Thirty pigs were randomised to bile duct division and anastomosis with either polyglyconate (Maxon), polyglactin 910 (Vicryl) or polypropylene (Prolene). Half the animals were sacrificed at two weeks and the remainder at 23 weeks. Anastomoses were assessed by cholangiography, scanning electron microscopy and light microscopy.
INTRODUCTION
Operations on the bile ducts are required in a wide range of surgical situations, from retrieval of bile duct stones, traumatic injury and cancer surgery to orthotopic liver transplantation, however the bane of bile duct surgery is the subsequent development of a biliary stricture1-6. Closure or reconstruction of the bile ducts is done with sutures however the occasional occurrence of subsequent stricturing and the development of bile duct stones around extruded suture material has meant a search for a suture material which avoids these complications. In one canine study bile duct anastomosis was achieved by using fibrin glue7, thus eliminating the potential problems associated with suture material, but to our knowledge this technique has not yet been reported in humans.
The ideal material should be non-traumatic to the bile duct wall, incite minimal inflammation and preferably be absorbed over a suitable time frame which avoids anastomotic breakdown in situations where healing may be delayed. The The anaesthetic induction and maintenance for the second procedure was identical to the first except that no antibiotic was administered. The laparotomy was reopened and adhesions divided to expose the bile duct. The peritoneum was freed from the anastomosis. The duct was then excised "en block" with the duodenum and a liver biopsy was collected. Both ends of the duodenum were ligated and a catheter inserted into the common hepatic duct and tied securely. The duct was placed in oxygenated Krebs solution and transferred to the radiology department.
Cholangiography
All specimens had cholangiography performed using the technique of Sharps. The specimens were placed directly onto the X-ray plate and infused with 30% angiografin at 25cm H20 pressure as measured by a manometer.
The cholangiograms were used to measure the diameter of the bile duct 0.5cm and 1.5cm above and below the anastomosis and at the anastomosis itself. In cases where the specimen had been cut short or where the anastomosis was closer than 1.5cm to the tapered sphincter segment the largest diameter was used. Using the 1.5cm measurements, the technique of Sharp comparing the ratios of proximal to distal duct diameter (the dilatation ratio) and the anastomosis to distal diameter (the stricture ratio) was calculated8. The index used by Klopper to assess anastomotic stricturing was also calculated to compare sutures1. The index 100 2a/(b + c) where a is the diameter of the bile duct 0.5cm proximal to the anastomosis, b is the anastomotic diameter and c is the diameter of the duct 0.5cm distal to the anastomosis.
The sphincter segment was separated from the duct specimen and placed in 10% buffered formalin and the remaining bile duct was then divided longitudinally into two hemi-cylinders which contained the anastomosis. Both hemi-cylinders were washed with normal saline to clear mucus and fibrinous debris from the epithelium and anastomosis. One hemi-cylinder was placed in 10% neutral buffered formalin for light microscopy and the other in 2% glutaraldehyde in phosphate buffer pH 7.4) for fixation for scanning electron microscopy.
Light Microscopy
Paraffin sections were prepared and stained with haematoxylin and eosin, and sirius red for collagen. The sections were examined by a single pathologist who was blinded as to which suture was used. A simple grading system was used to judge the following histological features at the bile duct anastomosis; neutrophil polymorph numbers, mononuclear cell numbers, proliferating fibroblasts, collagenous scar tissue, residual suture material, foreign body giant cells and epithelial hyperplasia. The grading system employed a numerical notation, 0,1,2 or 3 for nil, mild, moderate or marked presence of the particular histological feature. Polarised light was used to assess the presence of refractile foreign material i.e. sutures.
The liver biopsy sections were stained with haematoxylin and eosin and examined for evidence of biliary obstruction.
Scanning Electron Microscopy
After emersion fixation in glutaraldehyde, the specimens were post-fixed in 1% osmium tetroxide in phosphate buffer, dehydrated through a series of graded ethanol and then critical point dried. The dried specimens were mounted on aluminium stubs and coated with gold in a Polaron E5200 sputter coater. The specimens were then examined in an Etec Autoscan at 20,000 volts. Photographic records were obtained at 15 and 30 magnification using a standard working distance. Anastomoses were then compared particularly for suture presence and epithelial thickening which was measured as the maximum width of the abnormal mucosa.
Statistical Analysis
Results have been expressed as mean + one standard deviation. Anova was used to compare the dilatation and stricture ratios of the different suture materials. P values < 0.05 were considered statistically significant.
In conjunction with this study we evaluated changes in blood flow in the region of the anastomosis and any alteration in sphincter of Oddi motility following bile duct division. The results of these studies will form the subject of separate reports. Two animals died in the long survivor group. The first animal died at 23 days post-operation of an illness which included hypothermia, anaemia and lethargy. At autopsy no source of blood loss was found in the gastrointestinal tract and the biliary surgery was uncomplicated. Several animals from the same piggery had died at about the same time of a similar illness, presumed viral, but never clearly identified.
The second animal died of a small bowel strangulation at two months. At autopsy the biliary surgery was also uncomplicated but extensive adhesions had formed in the abdominal cavity. One of these adhesions produced the bowel obstruction and subsequent strangulation. One animal had been sutured with Vicryl and the other with Prolene leaving only 4 animals in each of those groups for histological and cholangiographic assessment.
Cholangiography
The anastomosis was easily identified on cholangiography in the animals sacrificed at two weeks as a narrowed area. There was no significant proximal dilatation. (See Figure 1A ) The dilatation and stricture ratios were similar for all three sutures. (See Tables 1 and 2 ) When the specimens were opened a large fibrin clot was often found at the anastomosis which had contributed to the apparent narrowing seen on cholangiography. In 7 of the 13 animals sacrificed at 23 weeks the site of the anastomosis could not be identified on the cholangiograms. When these ducts were opened and the anastomosis identified visually the cholangiograms were marked to indicate the site of the anastomosis. The dilatation and stricture ratios were similar for all three sutures in the 23 week sacrifice group. One animal in each group had a stricture ratio <0.5 (0.33, 0.38, 0.46). In each of these cases the dilatation ratio was < 1.2 indicating that the stenoses had not produced significant obstruction. The luminal diameters ranged from 3-6mm at the anastomoses in these animals and was not obstructive. Figure 1B shows Epithelial hyperplasia (Figure 4 ) was seen in some animals in association with each of these suture materials but was also more pronounced with Vicryl, the mean score being 2.0 compared to only 1.0 for Maxon (See Table 3 ).
In some of the anastomoses performed with monofilament sutures there was slightly less fibroblastic proliferation and collagen deposition than with the braided Vicryl. In several animals that had anastomoses sutures with monofilamentous materials but where the overlying peritoneum had been closed with Vicryl, more pronounced inflammation was found adjacent to the anastomosis. At 23 weeks, in those cases where suture material persisted there was usually a foreign body giant cell reaction, a mild mononuclear cell infiltrate, mild fibroblastic proliferation and rather more mature fibrous tissue than in cases where the sutures had been completely absorbed. Distinct differences between the non-absorbable Prolene and the two absorbable sutures were thus apparent. Histological scores for mononuclear cell numbers, proliferating fibroblasts, collagen and foreign body giant cells were all higher for Prolene compared to the absorbable sutures (see Table 3 ). Of the four animals identified as having the smallest amount of residual scarring at the anastomosis three had been sutured with Maxon and one with Vicryl.
In the animals with a stricture ratio <0.5 further histological sections were reexamined to see if any contributing factor could be identified. Excessive scar tissue or collagen was not found and it remained unclear as to why these anastomoses had more narrowing than the others.
The liver biopsies from all animals did not show any features to suggest extrahepatic biliary obstruction, in particular there was no evidence of portal tract oedema, fibrosis, inflammation, bile ductular proliferation or bile stasis.
Handling Characteristics
The surgeon performing the anastomoses found that the Maxon had the best handling characteristics in that it slid through the tissue freely and was pliable enough to knot well. Vicryl had a tendency to saw the tissue whilst Prolene's better "memory" made it slightly more difficult to tie knots without traumatising the tissue. These assessments are subjective but certainly correspond to the known physical characteristics of the sutures.
DISCUSSION
The pathogenesis of biliary strictures that follow bile duct anastomoses remains an important unsolved riddle although it is suspected that ischaemia, tension and bacterial infection play a critical role11'12'13. In performing anastomoses of bile ducts, surgeons are always concerned that an excessive inflammatory response may assist in stricture formation. For these reasons, the choice of suture material for biliary anastomoses is important.
The ideal suture material should be relatively inert, subject to eventual tissue digestion, yet provide sufficient strength to enable healing to occur, even when healing may be delayed such as in liver transplantation where a patient has the added risks of rejection, immunosuppression, ischaemia-reperfusion injury and sepsis. At the same time it is desirable that the suture material does not act as a potential nidus for stone formation.
Of the sutures that are currently in popular use, each has its own limitations. Chromic catgut has a reduced half-life when exposed to bile and excites an intense inflammatory tissue reaction as it is digested by the process of proteolysisTM.
The absorbable sutures with a slightly longer half-life, Dexon and Vicryl, are less affected by exposure to bile but because they are braided to overcome the rigidity that exists in their monofilament form, they have the potential of inciting a more intense inflammatory response than would be expected from a monofilament suture14. They also suffer from a rapid loss of strength after seven days5.
Whilst non-absorbable monofilament sutures such as Prolene overcome the problem of a short half-life, and whilst relatively inert, they do provide a focus for possible stone formation and an ongoing inflammatory response.
The emergence of monofilament absorbable sutures with a longer half life, such as Maxon and PDS, offers surgeons the potential of an ideal suture material for bile duct anastomoses9'16. The major difference between these two sutures is in the handling characteristics as PDS is 60% stiffer than Maxon17. It has also been claimed that as a result of this stiffness that knot security is not as great with PDS18, 19. In designing this comparison study of Maxon, Vicryl Surgeons often assess suture materials according to their "ease of handling" during an operation. It was our view that subjectively Maxon was easier to work with than either Vicryl or Prolene. However we do accept that this is a subjective evaluation which varies from surgeon to surgeon.
Our study however has shown that Maxon is potentially a superior suture for use in bile duct anastomoses when compared to Vicryl and Prolene. Although there was no difference found in the potential for stricture formation between the three sutures, Maxon came closest to fulfilling the criteria for an ideal suture it was associated with the least inflammatory response short term, and long term it degraded completely not leaving remnants which might potentially form the nidus for stone formation.
In addition a length of duct, which varied between 2 to 3 cm., was stripped in order to section and then anastomose the duct. Clinically one should strive to have very little stripping of the proximal duct for the anastomosis for fear of depriving that portion of an arterial supply. Ischemic necrosis is a real possibility for the development of subsequent fibrosis and stricturing. These are but some of the variables in this paper, which might explain a relatively wide scatter of data, which impedes a clear definition of results.
In spite of these inherent problems, the authors have clearly reported a difference in pigs between three sutures relative to histologic and scanning examinations of the anastomoses at two weeks and at twenty-three weeks. Whether these differences are relevant to the recurrence of strictures is unknown. It is possible that it might have nothing to do with recurrent stricture and that untoward outcome might be due to some other factor. 
